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(54) Optical pickup 

(57) An optical pickup is capable of recording on 
and reproduction from recording media of different 
recording densities, and has a compact, thin and of low 
power-consumption design. The optical pickup, which is 
capable of recording on and reproduction from a high- 
density optical disk (17) and a low-density optical disk, 
includes an objective lens (16), a first optical unit (4) 
having a light-emitting element and a light-receiving ele- 
ment which are used for recording on and reproduction 
from the high<lensrty optical disk, a second optical unit 
(8) having a light-emitting element and a light-receiving 
element which are used for recording on and reproduc- 
tion from the low-density optical disk, a beam splitter 
(10) for guiding optical axes of the first and second opti- 
cal units to the same optical axis, and a wavelength fitter 
(15) for changing a diameter of fight beams incident on 
the objective lens between at the time of recording and 
reproduction for the high-density optical disk and at the 
time of recording and reproduction for the low-density 
optical disk. 



FIG. 1 



17. 




EP 0 844 605 A2 



Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates to an optical pickup for 
recording on and reproduction from recording media of 
different recording densities, such as a high-density 
optical disk, a compact disk and the like. 

DESCRIPTION OF THE RELATED ART 

A conventional optical pickup for recording and 
reproduction from a high-density recording optical disk 
and a compact disk will be described. For conven- 
iences sake, an explanation will be given with a DVD 
(digital video disk) as a high-density optical disk, and a 
CD (compact disk) as a low-density optical disk 

Fig. 13 shows a plan view of the conventional opti- 
cal pickup, and a cross-sectional view of an essential 
part thereof. In Fig. 13, the reference numeral 50 
denotes an optical pickup for a high-density optical disk, 
and a high-density optical disk objective lens 54 for con- 
densing a laser beam 53 onto the high-density optical 
disk 52 is adhesively bonded and fixed to an objective 
lens holding tube 51 . A coil unit 55 comprising a focus- 
ing coil and a tracking coil adapted for actuation in a 
focusing direction and a tracking direction is adhesively 
bonded and fixed to the objective lens holding tube 51 . 
The coil unit 55 is fitted in a permanent magnet to form 
a magnetic circuit for driving the objective lens holding 
tube 51 in the focusing direction and the tracking direc- 
tion. The objective lens holding tube 51 is held in a neu- 
tral position by a non-magnetic, electrically conductive, 
linear elastic member 57 and electric power is supplied 
to the coil unit 55. 

An optical system of the optical pickup 50 of the 
above construction for reproduction from the high-den- 
sity optical disk will now be described. An optical unit 61 
for a high-density optical disk contains a light-emitting 
element and a light-receiving element for the laser 
beam 53 having a wavelength of 635 to 650 nm. The 
laser beam 53 passes through a collimator lens 62 to be 
rendered parallel rays of light, which then are totally 
reflected by a surface of a rise mirror 63 with a multi- 
layer coating to be condensed by the high-density opti- 
cal disk objective lens 54, and form an optical spot on 
the high-density optical disk 52. 

Then, the laser beam 53 reflected by the high-den- 
sity optical disk 52 goes back along the above path, and 
is again incident on the high-density optical disk optical 
unit 61 to pass through a diffraction grating (not shown) 
to be received by the light-receiving element (not 
shown). In accordance with optical information, which is 
subjected to photoelectric conversion by the light- 
receiving element, focus detection is effected by a con- 
ventional optical Foucault method, and track detection 



is effected by a conventional phase difference method. 
Thus, the high-density optical disk objective lens 54 is 
always focused on the high-density optical disk 52, and 
is controlled to follow the information track. The high- 
5 density optical disk (DVD) 52 is driven by a spindle 
motor 71 for rotation. 

Next, the low-density optical disk (CD) will be 
described. The reference numeral 70 denotes the opti- 
cal pickup for a low-density optical disk, and the con- 
10 struction and operation of the optical pickup 70 are 
similar to those of the optical pickup 50 for a high-den- 
sity optical disk, and therefore explanation thereof will 
be omitted. In its optical system, an optical unit 64 for a 
low-density optical disk contains a light-emitting ele- 
75 ment and a light-receiving element for a laser beam 64 
having a wavelength of 780 nm. Laser beam 65 is totally 
reflected by a surface of a rise mirror 66 with a multi- 
layer coating to be condensed by a low-density optical 
disk objective lens 67 to form an optical spot on the low- 
20 density optical disk 68. 

Then, the laser beam 65 reflected by the low-den- 
sity optical disk 68 goes back along the above path to be 
again incident on the low-density optical disk optical unit 
64 to pass through a diffraction grating (not shown) to 
25 be received by the light-receiving element (not shown). 
In accordance with optical information, which is sub- 
jected to photoelectric conversion by the light-receiving 
element, focus detection is effected by a conventional 
optical Foucault method, and track detection is effected 
30 by a conventional three-beam method. Thus, the low- 
density optical disk objective lens 67 is always focused 
on the low-density optical disk 68, and is controlled to 
follow the information track. 

Thus, the high-density optical disk optical pickup 50 
35 and the low-density optical disk optical pickup 70 are 
constructed independently of each other whereby 
recording and reproduction can be effected for the com- 
pact disk. 

However, the above conventional optical pickup 
40 construction includes the two independent optical sys- 
tems having the high-density optical disk optical pickup 
and the optical pickup for reproduction from the com- 
pact disk, and therefore involves problems that the 
number of the component parts is large, it is difficult to 
45 achieve a compact design of the optical pickup unit, and 
that it is difficult to reduce consumption of electric power 
and cost. 



SUMMARY OF THE INVENTION 



50 



It is therefore an object of this invention to provide 
an optical pickup which is capable of performing record- 
ing on and reproduction from recording media of differ- 
ent recording densities, and has a compact, thin and 
55 low power-consumption design. 

The present invention has been made in order to 
overcome the above problems, and provides an optical 
pickup enabling recording on and reproduction from a 
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high-density optical disk and a low-density optical disk, 
and comprising an objective lens; an actuator mounting 
the objective lens thereon; a first optical unit including a 
light-emitting element and a light-receiving element for 
use in reproduction from the high-density optical disk; a 
second optical unit including a light-emitting element 
and a light-receiving element for use in reproduction 
from the low<Jensrty optical disk; light splitting means 
for guiding optical axes of the first and second optical 
units to the same optical axis; a collimator lens for con- 
verting light outgoing from the first optical unit into par- 
allel rays of light, and diaphragm means for changing a 
diameter of the beam incident on the objective lens at 
the time of reproduction from the high-density optical 
disk and at the time of reproduction from the low-density 
optical disk 

With this construction of the invention, the optical 
axes of the first and second optical units can be guided 
to the same optical axis, and a single objective lens can 
be used in common to recording and reproduction for 
the high-density optical disk and recording and repro- 
duction for the tow -density optical disk with a minimum 
spherical aberration 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing a construction of an optical 
pickup according to a first embodiment of the inven- 
tion; 

Fig. 2 is a view showing optical path lengths in the 
optical units shown in Fig. 1 ; 
Fig. 3 is a view showing a configuration of diffrac- 
tion gratings tn tne first embodiment of the inven- 
tion; 

Fig. 4 is a view snowing a construction of light- 
receiving elements in the first embodiment of the 
invention; 

Fig. 5 is a view snowing a construction of an optical 
pickup according to a second embodiment of the 
invention; 

Fig. 6 is a view showing optica! path lengths in the 
optical units of F»g 5; 

Fig. 7 is a view showing a construction of an optical 
pickup according to a third embodiment of the 
invention; 

Fig. 8 is a view showing a construction of an optical 
pickup according to a fourth embodiment of the 
invention; 

Fig. 9 is a plan view of an optical pickup according 
to a fifth embodiment of the invention during opera- 
tion of a DVD; 

Fig. 10 is a plan view of the optical pickup of the fifth 
embodiment during operation of a CD; 
Fig. 1 1 is a plan view of the fifth embodiment, using 
modified angularly-moving means, during operation 
of a DVD; 

Fig. 1 2 is a plan view of this fifth embodiment during 
operation of a CD; and 



Fig. 13 shows a plan view of a conventional optical 
pickup, and a cross-sectional view of an essential 
portion thereof. 

5 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A first embodiment of the present invention will now 
be described with reference to the drawings. Fig. 1 is a 

w view showing the construction of an optical pickup 
according to a first embodiment of the invention. In Fig. 
1 . an optical unit 4 comprises a base plate portion 4a, 
on which a light source 2 for emitting light for a high- 
density optical disk, a light-receiving element 3 for 

15 receiving the light reflected by the high-density optical 
disk, and so on are mounted, a side wall portion 4b pro- 
vided to enclose these parts, and a light outgoing por- 
tion 4d defined by an opening formed through the side 
wall portion 4b. The base plate portion 4a and the side 

20 wall portion 4b may be integral with each other or may 
be separate from each other. In the case where these 
portions are formed integral with each other, an assem- 
bling process can be simplified, and productivity can be 
enhanced. Preferably, the optical unit 4 is formed of 

25 metal, ceramics or the like since such material can sat- 
isfactorily radiate heat generated by the light source. 

Among metallic materials, it is preferable to use a 
metallic material with a high thermal conductivity, such 
as Cu. Al and Fe, and an alloy material with a high ther- 

30 mal conductivity such as Fe-Ni alloy, Fe-Ni-Co alloy. The 
reason for this is that these materials are inexpensive 
and have a high heat-radiating property, and also serve 
as an electromagnetic shield for shutting off noises such 
as electromagnetic waves from a high-frequency super- 

35 imposed circuit and the like. Among these materials, Fe, 
Fe-Ni alloy and Fe-Ni-Co alloy have a low thermal resist- 
ance, and have a good heat-radiating property, and 
therefore can efficiently radiate the heat, produced by 
the light source 2, to outside. Besides, these materials 

40 are inexpensive, and therefore the optical pickup device 
can be provided at a low cost 

A carriage (not shown), having a large thermal 
capacity, is made to contact with the base plate portion 
4a and, if necessary, the side wall portion 4b, whereby 

45 heat generated by the light source can escape to out- 
side. Therefore, the larger an area of that portion of the 
base plate portion 4a in contact with the carriage is, the 
better the heat-radiating property is. 

Terminals 4c for supplying electric power to the light 

so source and for transmitting electrical signals from the 
light-receiving element 3 to a calculation circuit (not 
shown) are provided on the base plate portion 4a. 
These terminals 4c may be of the pin type, or of the 
printed type. Here, explanation is given particularly to 

55 the case where the terminals 4c are of the pin type. The 
terminals 4c are inserted respectively into a plurality of 
holes (not shown) formed through the base plate por- 
tion 4a in such a manner that the terminals 4c are held 
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out of electrical contact with the base plate portion 4a. 
Preferably, the terminals 4c are made of Fe-Ni-Co alloy, 
Fe-Ni alloy, Fe-Cr alloy or the like. One preferred means 
for interrupting electrical contact between the terminals 
4c and the base plate portion 4a is an insulating film or 
the like provided at that portion or area of contact 
between each terminal 4c and the base plate portion 4a 
in each hole, and preferably this contact portion is 
sealed so that the outside air will not enter thereinto. It 
is preferred to use a hermetic seal or the like which 
meets these requirements, and can achieve both insula- 
tion and sealing at the same time. Here, it is particularly 
preferred to use a hermetic seal of the matching sealing 
type or of the compression sealing type. The reason for 
this is that since these seals can easily achieve both 
insulation and sealing and besides are very inexpen- 
sive, the process of mounting the terminals 4c on the 
base plate portion 4a can be simplified, and also the 
production cost of the optical pickup can be reduced. 
Furthermore, since the high air-tightness and excellent 
insulation can be kept over a wide temperature range, 
the optical pickup can be enhanced in reliability and 
since the terminals can be deformed relatively freely 
into a desired shape, the degree of freedom in design 
can be increased. 

Preferably, the light source is one which emits mon- 
ochromatic light, and has good coherence, directivity 
and condensing properties since a beam spot of a suit- 
able shape can be formed relatively easily, and also 
generation of noises can be suppressed. It is preferred 
to use one of various lasers such as a solid laser, a gas 
laser and a semiconductor laser which meet these 
requirements. Particularly, the semiconductor laser is 
most suitable as the light source 2 since it is very small 
in size and can easily realize miniaturization of the opti- 
cal pickup. 

Preferably, an oscillation wavelength of the light 
emitted from the light source is not more than 800 nm 
since a beam spot formed upon converging of the light 
outgoing from the light source on the recording medium 
can be made as small as a size generally corresponding 
to the pitch of the track formed on the recording 
medium. If the oscillation wavelength of the light emitted 
from the light source is not more than 650 nm, such a 
small beam spot can be formed which enables repro- 
duction of information from the recording medium hav- 
ing the information recorded thereon at a very high 
density, and therefore storage means with a large 
capacity can be easily realized, so that such a light 
source is particularly suitable for recording on and 
reproduction from the high-density optical disk. Here, 
assuming that the light source is used for reproduction 
from DVD, a light source is used which provides a wave- 
length of about 600 nm to about 680 nm and preferably 
of 630 to 660 nm. 

Examples of materials, which can realize an oscilla- 
tion wavelength of not more than about 800 nm when a 
light source is constituted by a semiconductor laser, 



include AIGalnP, AIGaAs, ZnSe and GaN, and among 
these materials, AIGaAs is particularly preferred since 
among compound materials, it easily achieves a crystal 
growth, and therefore makes the production of the sem- 
5 iconductor laser easy, so that a yield rate is made high 
and the high productivity can be realized. Examples of 
materials, which can realize an oscillation wavelength of 
not more than 650 nm, include AIGalnP, ZnSe and GaN. 
When the semiconductor laser employing such materi- 
w als is used as the light source, a diameter of a beam 
spot to be formed on the recording medium can be 
made smaller, so that the recording density can be fur- 
ther enhanced, and reproduction from the high-density 
optical disk is mad possible. 
15 Among these materials, AIGaAs P is particularly 
preferred since it exhibits a stable performance over a 
long term to improve the reliability of the light source. 

Preferably, the light source, when used exclusively 
for reproduction purposes, provides an output of about 
20 3 (mW) to about 10 (mW) since it is possible to sup- 
press the consumption of the energy to a minimum 
while securing a sufficient amount of light for the repro- 
duction, and also to suppress an amount of heat radi- 
ated from the light source. In the case where the light 
25 source is used for recording and reproduction purposes, 
a large amount of energy is required for changing the 
condition of the recording layer during the recording, 
and therefore an output of at least not less than 20 
(mW) is necessary. However, when an output exceeds 
30 60 (mW), it is made difficult to permit the heat radiated 
from the light source to escape to outside, so that the 
light source and its neighboring parts becomes high in 
temperature, and the reliability of the optical pickup (that 
is, the light source) is detracted. This is not desirable. 
35 As described later in detail with reference to Fig. 2, 
an optical member 5 is joined to the light outgoing por- 
tion 4d of the optical unit 4. The optical member 5 func- 
tions to guide that light, which outgoes from the light 
source 2 and then is reflected by the recording medium, 
40 to a predetermined portion of the light-receiving ele- 
ment 3. Here, a diffraction grating formed on the optical 
member 5 is used to guide the return light. 

The optical member 5 is formed by a transparent 
plate member, and the diffraction grating 5a for dividing 
45 an optical path is formed on at least one of opposite sur- 
faced thereof substantially perpendicularly intersecting 
the optical axis of the emitted light. Here, the optical 
member 5 is preferably formed into a (Diane parallel 
plate as a whole so that generation of aberration can be 
so prevented, and therefore a good reproduction signal or 
good focusing/tracking signals can be formed. Further, 
the optical member 5 is so mounted that its upper and 
lower surfaces are disposed substantially perpendicular 
to the optical axis of the light passing through these 
55 upper and lower surfaces, and generation of astigma- 
tism can be prevented, and the degradation of the 
reproduction signals due to the obscure spot can be 
prevented. 
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Preferably, the optical member 5 is made of a mate- 
rial with high light-transmitting properties, such as glass 
and a resin since such a material prevents reduction in 
amount of light, and also will not degrade optical char- 
acteristics of the light having transmitted through the 
optical member 5. Particularly, since glass will not 
cause birefringence (double refraction), and can retain 
the characteristics of the transmitted light satisfactorily, 
it is particularly preferred as the material for the optical 
member 5. Among glass materials, it is preferred to use 
optical glass, such as BK-7, which involves a small 
wavelength scattering, that is, has a large Abbe number, 
particularly since it can prevent the generation of a 
spherical aberration due to a wavelength variation. 
Among the optical glass materials, BK-7 is most suita- 
ble for the optical member 5 since it is inexpensive. 

In this embodiment the optical member 5 is joined 
directly to the light outgoing portion 4d provided at the 
side wall portion 4b of the optical unit 4 but the optical 
unit 4 and the optical member 5 may be provided in 
spaced relation to each other. With such arrangement, a 
distance between the light source 2 and the optical 
member 5, which is problematic when the optical unit 4 
varies in height, can be accurately adjusted, so that the 
optical characteristics of the light transmitted to the 
light-receiving element 3 by the optical member 5 can 
be favorably maintained to enable the accurate signal 
detection. 

Preferably, a space defined by the optical unit 4 and 
the optical member 5, that is, a space in which the light 
source 2. the light-receiving element 3 and so on are 
mounted, is sealed. With such arrangement, impurities 
or foreign matters, such as dirt and moisture, are pre- 
vented from entering into the interior of the package, so 
that the performances of the light source 2 and light- 
receiving element 3 can be maintained, and also the 
optical characteristics of the outgoing light can be pre- 
vented from being degraded. Preferably, inert gas such 
as N2 gas. dry air and Ar gas is charged in the space 
closed by the optical unit 4 and the optical member 5 so 
that the degradation of the optical characteristics due to 
dew condensation on the surface of the optical member 
5 opened to the interior of the optical unit 4 as well as 
the degradation of the characteristics due to the oxida- 
tion of the light source 2 and the light-receiving element 
3 can be prevented . 

In the optical unit 4 of this embodiment, the light 
outgoing portion 4d is covered with the optical member 
5 while the optical member 5 may be housed within the 
optical unit 4 and the light outgoing portion 4d may be 
covered with a cover member. With such construction, 
dew condensation on the surface of the optical member 
can be prevented, and also the optical member itself 
may be prevented from absorbing moisture to be 
changed in nature or properties. 

In Fig. 1, an optical unit 8 comprises a base ptate 
portion 8a, on which a light source 6 for emitting light for 
a low-density optical disk, a light-receiving element 7 for 



receiving the light reflected by the low-density optical 
disk, and so on are mounted, and a side wall portion 8b 
provided to enclose these parts. Particularly, those por- 
tions of the optical unit 8. which are different from those 

5 of the optical unit 4, will be described below. 

Preferably, the light source 6 has an oscillation 
wavelength of not more than 800 "nm since such oscilla- 
tion wavelength enables a beam spot, which light outgo- 
ing from the light source converges on the recording 

w medium to form, to be easily made a size generally cor- 
responding to the pitch of the track formed on the 
recording medium. Particularly, the light source 6 can 
employ an oscillation wavelength longer than that of the 
light source 2, and for example, in reproduction from a 

is CD, a sufficiently large beam spot can be formed on the 
low-density optical disk with the oscillation wavelength 
of about 780 nm. 

While an optical member 9 is generally similar in 
construction to the optical member 5, a diffraction grat- 

20 ing 9a formed on the optical member 9 is different from 
that of the optical member 5. So. the diffraction grating 
9a will be described below. 

In many cases, a signal detection method is differ- 
ent between a high-density optical disk and a low-den- 

25 sity optical disk. Therefore, in many cases, a manner, in 
which a light-receiving portion arranged in the light- 
receiving element 7, is different from that, in which a 
light-receiving portion is arranged in the light-receiving 
element 3. Therefore, in the case where a focus error 

30 signal and so on are formed by the diffraction grating 9a 
when the light from the optical disk is transmitted to the 
light-receiving element 7, the diffraction grating 9a is 
preferably different in construction from that of the dif- 
fraction grating 5a to form signals optimum for the 

35 respective optical disks, thereby enabling realizing an 
optical pickup which can perform precise signal forma- 
tion and operation control and which is highly reliable 
and is hard to malfunction. 

Particularly in the case where tracking control is 

40 effected by a three-beam method, a diffraction grating 
serving as a beam forming portion 9b is provided on a 
light outgoing portion of the optical member 9. The 
beam forming portion 9b is provided at such a position 
to permit the emitted light to transmit therethrough and 

45 to keep away from an optical path, along which the light 
reflected by the optical disk and diffracted by the diffrac- 
tion grating 9a is directed toward frie light-receiving ele- 
ment 7. 

A beam splitter 10 functions to direct the light 
so beams emitted respectively from the light sources 2 and 
6 toward the optical disk. Generally, a half mirror, a 
polarized-light splitting film or the like is used for the 
beam splitter 10 while a more preferred form of beam 
splitter 10 of the invention has such a nature to reflect 
55 the light (incident light perpendicular to the optical axis 
of an outgoing light) from the light source 2 at a high 
rate, and transmit therethrough the light (incident light 
parallel to the optical axis of the outgoing light) from the 
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light source 6 at a high rate. In such case, light loss in 
the beam splitter 10 can be suppressed to a minimum, 
and therefore the efficiency of light utilization can be 
enhanced. The enhanced efficiency of light utilization 
enables suppressing an amount of the light emitted 5 
from the light source 2 or the Ijght source 6 to prolong 
the lifetime of the light sources 2 and 6, so that an opti- 
cal disk unit having such optical pickup mounted ther- 
eon is enhanced in reliability. So, such enhanced 
efficiency is desirable. 10 

Preferably, reflection means having a wavelength 
selection function is used as the beam splitter 10 having 
the above nature. The reflection means having the 
wavelength selection function serves to transmit there- 
through light having a certain wavelength and also to 75 
reflect light having another wavelength. Particularly in 
this embodiment, the beam splitter 10 is constructed to 
reflect most of the light from the light source 2 and trans- 
mit therethrough most of the light from the light source 
6, which enables most efficiently setting the efficiency of 20 
light utilization with respect to the light sources 2 and 6. 
Therefore, a large load hardly acts on either of the light 
sources 2 and 6, and therefore the light sources 2 and 6 
can be averaged in life and the optical pickup can be 
prolonged in life. 2 s 

A wavelength filter 15 is formed to transmit there- 
through the light emitted from the light source 2 and 
reflect or absorb the light emitted from the light source 
6. and serves as a diaphragm for limiting a diameter of 
the light flux (beam) emitted from the light sources 2 and 30 
6. 

Preferably, the wavelength filter 15 is disposed 
between the beam splitter 10 and an objective lens 16 
or between the optical unit 8 and the beam splitter 1 0 to 
be much preferable in terms of productivity and cost 35 
reduction since there is no need of providing a plurality 
of filters corresponding to the respective light sources 
and also light beams from each light source are incident 
on the wavelength filter 15 before divergence to enable 
limiting the wavelength filter 15 to a minimum size. 40 
Above all, it is particularly preferred that the wavelength 
filter 15 be beforehand positioned relative to the beam 
splitter 10 to be then joined thereto since the number of 
parts required to be positioned during the assembling of 
the optical pickup can be reduced to enhance the pro- 45 
ductivity of the optical pickup, and also deviation of the 
optical axis of light from the central axis of the wave- 
length filter 15 can be suppressed to a minimum. 

The wavelength filter 15 is not an essential constit- 
uent element, but may be omitted, for example, by suit- so 
ably designing the diffraction grating 9a and the 
objective lens 16. In this case, the overall construction 
of the optical pickup is represented by the constituent 
elements shown in Fig. 2. 

Next, the arrangement of the optical units in the first ss 
embodiment of the invention will be described. In this 
embodiment, the optical unit 4 and the optical unit 8 are 
angularly spaced substantially 90 degrees from each 
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other about the beam splitter 1 0, and the optical unit 8 is 
disposed substantially in parallel to the optical axis 
extending from the wavelength filter 15 to the objective 
lens 16, and the optical unit 4 is disposed substantially 
perpendicular to the optical axis extending from the 
wavelength filter 15 to the objective lens 16. 

Here, in the case where there is not used any mem- 
ber such as a diffraction grating for correcting a dis- 
tance, it is preferred that a distance between opposed 
end surfaces of the optical unit 4 and the beam splitter 
10 be longer than a distance between opposed end sur- 
faces of the optical unit 8 and the beam splitter 10. With 
such arrangement, a distance, over which light used for 
reproduction from the high-density optical disk travels 
from the light source 2 to the objective lens 16, is longer 
than a distance, over which light used for reproduction 
from the low-density optical disk travels from the light 
source 6 to the objective lens 16, so that the light inci- 
dent on the objective lens 16 can be spread over a 
larger area, and so a larger NA required for recording on 
and reproduction from the high-density optical disk can 
be easily realized, and also an amount of aberrations 
developing respectively in light beams emitted respec- 
tively from the light sources 2 and 6 can be reduced. 

Further, with such arrangement, a distance L 
between the lower end surface of the optical unit 8 and 
a center of the objective lens 16 can be made short as 
compared with the case where the arrangement of the 
optical units 4 and 8 is reversed, so that a carriage for 
the optical pickup can be made small-sized. Therefore, 
other electronic parts (e.g. a board and the like) can be 
mounted in an area which has heretofore been occu- 
pied by the carriage, so that the optical disk unit having 
this optical pickup mounted thereon can be made small- 
sized and thin. 

Fig. 2 is a view showing lengths of the optical path 
in the arrangement of the optical units shown in Fig. 1. 
In Fig. 2, for the same reasons described above, a dis- 
tance L1 between the optical unit 4 and the objective 
lens 16 is preferably longer than a distance L2 between 
the optical unit 8 and the objective lens 16 (L1 > 12). 
Particularly, the following relation is preferred: 

0.55 ^ L2/L1 =S o.75 

With such arrangement, generation of aberrations 
in light beams emitted from the light sources 2 and 6 
can be suppressed while making the optical pickup 
small-sized and thin, so that it is possible to realize an 
optical pickup having good recording and reproducing 
characteristics for a plurality of optical disks of different 
recording densities. 

Next, the configuration of the diffraction gratings 5a 
and 9a as well as the light-receiving elements 3 and 7 
mounted on the optical units 4 and 8, respectively, will 
be described with reference to Fig. 3. 

Fig. 3 show a configuration of the diffraction grat- 
ings in the first embodiment of the invention, and Fig. 4 
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show a constructibn "of the light-receiving elements in 
the first embodiment of the invention. 

In Fig. 3, the diffraction grating 5a corresponds to 
the optical unit 4, and is divided into three areas 5b, 5c 
and 5d as shown in this Figure. The diffraction grating 
9a corresponds to the optical unit 8, and is divided into 
two regions 9c and 9d. 

In Fig. 4, the light-receiving element 3 is mounted 
on the base plate portion 4a of the optical unit 4, a four 
light receiving areas are provided at a central portion of 
the light-receiving element 3, and two light receiving 
areas are provided respectively on opposite sides of the 
four light receiving areas. The light-receiving element 7 
is mounted on the base plate portion 8a of the optical 
unit 8, and comprises a five light receiving areas. 

Preferably, the optical unit 4 is so oriented that a 
division line A perfectly dividing the semi -circular portion 
of the diffraction grating 5a is disposed substantially 
perpendicular to a radial direction of the high-density 
optical disk, and the light source 2 is mounted in such a 
direction that a direction of a long axis of a far field pat- 
tern of the outgoing fight is disposed parallel to a radial 
direction of the high-density optical disk. With such 
arrangement, the condensed light is condensed parallel 
to a tangential direction of the optical disk, so that cross 
talk between tracks is reduced to enable obtaining good 
reproduction signals. In the embodiment, the light guide 
means comprises the diffraction grating. The light guide 
means is not limited to the cfiffraction grating but may 
comprise, for example, a light-guiding optical fiber or a 
laminated optical member. 

Next, a reproducing operation of the optical pickup 
having the above construction will be described. In the 
embodiment, a compact disk (hereinafter referred to as 
"CD") is used as a low-density optical disk and a digital 
video disk (hereinafter referred to as "DVD") is used as 
a high-density optical disk. 

First, a reproducing operation of the DVD will be 
described. Light having an oscillation wavelength of 635 
to 650 nm and emitted from the light source 2 passes 
through the light outgoing portion 4d of the optical unit 4 
and the diffraction grating 5a to be incident on the beam 
splitter 10. At least 90% of the light thus incident on the 
beam splitter 10 is reflected by the beam splitter to 
outgo therefrom with its optical axis turned about 90 
degrees to be incident on the wavelength filer 15 pro- 
vided adjacent to the beam splitter 10. The wavelength 
filter 15 is of such a construction that it transmits about 
95% or more of the light (for DVD) from the light source 
2. The light transmitted through the wavelength filter 15 
is incident on the objective lens 16. Then, an image is 
formed on a recording data layer of the DVD 1 7 by the 
condensing effect of the objective lens 16. 

Thereafter, the light reflected by the DVD 17 again 
passes through the objective lens 16 and the wave- 
length fitter 1 5, and then is reflected by the beam splitter 
10 with its optical axe turned toward the optical unit 4 to 
be is incident on the diffraction grating 5a. The light inci- 



dent on the diffraction grating 5a is diffracted by the 
three areas 5b, 5c and 5d to be incident respectively on 
the light-receiving areas formed on the light-receiving 
element 3. 

5 A relation between the light diffracted by the diffrac- 

tion grating 5a and the light incident on the light-receiv- 
ing element 3 will be described. The light (here, primary 
diffraction light) diffracted by the area 5b of the diffrac- 
tion grating 5a is incident on the light-receiving area 3a 

w of the light-receiving element 3. As described above, 
this light-receiving area 3a is divided into four sections 
A, B, C and D. The light beams incident on the areas 5c 
and 5d, respectively, are incident on the light-receiving 
areas 3b and 3c, respectively. 

is Methods of respectively forming various signals by 
these incident light beams will be described. RF signal 
is formed by the sum of voltage signals converted from 
current outputs detected by photoelectric conversion of 
the fight beams incident on the light-receiving areas 3a, 

20 3b and 3c formed on the light-receiving element 3. 

The so-called Hologram Foucaurt method is used to 
form a focus error signal from a differential output 
between a sum of the signals in the areas A and C 
formed on the light-receiving area 3a and a sum of the 

25 signals in the areas B and D, and in accordance with the 
focus error signal, an actuator holding the objective lens 
16 is actuated in a focusing direction. A tracking error 
signal is formed by using a comparator to convert volt- 
age outputs of the light-receiving areas 3b and 3c, 

30 respectively, into digital waveforms, and converting a 
pulse corresponding to a phase difference between 
them into an analog waveform through an integrating 
circuit. In accordance with the tracking error signal, the 
actuator holding the objective lens 16 is actuated in the 

35 tracking direction. 

Next, a reproducing action for the CD will be 
described. Light having an oscillation wavelength of 770 
to 790 nm and emitted from the light source 6 passes 
through the light outgoing portion 8d of the optical unit 

40 8, the beam forming portion 9b and the diffraction grat- 
ing 9a. At this time, the light, which is formed into three 
beams by the beam forming portion 9b, is incident on 
the beam splitter 10. At least 90% of the light incident on 
the beam splitter 10 transmits through the beam splitter 

45 10 to outgo from the beam splitter 10 to be incident on 
the wavelength filter 15 provided adjacent to the beam 
splitter 10. At least about 95 % of light for the CD from 
the light source 6 is reflected by a ring-shaped band 
formed on an outer peripheral portion of the wavelength 

so filter 1 5, and at least about 95% of light for the CD from 
the light source 6 transmits through that portion of the 
wavelength filter 15, on which the ring-shaped band is 
not formed in an inner central portion. Therefore, the 
wavelength filter 15 serves as an iris for correcting the 

55 light beam for the CD to control a diameter of the light 
incident on the objective lens 16. The light transmitting 
through the wavelength filter 15 is incident on the objec- 
tive lens 16. Then, an image is formed on the CD 18 by 
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the condensing effect of the objective lens 16. 

Thereafter, the light reflected by the CD 18 again 
passes through the objective lens 16, the wavelength fil- 
ter 15 and the beam splitter 10 to be incident on the dif- 
fraction grating 9a. The light incident on the diffraction 
grating 9a is diffracted by the two areas 9c and 9d to be 
incident on the five areas E, F, G, K and I formed on the 
light-receiving element 7 without interfering with the 
beam forming portion 9b. 

Methods of respectively forming various signals 
from these incident light beams will be described. The 
RF signal is formed by the sum of voltage signals con- 
verted from current outputs detected by photoelectric 
conversion of the light beams incident on the light- 
receiving portions E, F and G formed on the light-receiv- 
ing element 7. A so-called hologram Foucault method is 
used to form a focus error signal from a differential out- 
put between the areas E and F, and in accordance with 
the signal, the actuator holding the objective lens 16 is 
moved in the focusing direction. A so-called three-beam 
method is used to form a tracking error signal from a dif- 
ferential output between the areas H and I, and in 
accordance with the signal, the actuator holding the 
objective lens 16 is moved in the tracking direction. 

In the embodiment, the light source for reproduction 
from the high-density optical disk employs light having a 
wavelength of around 650 nm, and the light source for 
reproduction from the low-density optical disk employs 
light having a wavelength of around 780 nm. However, 
the invention is not limited to such wavelengths, and for 
example, the light source for the low-density optical disk 
can employ light having a wavelength of 650 nm, and 
the light source tor the high-density optical disk can 
employ light having a wavelength of 400 nm. 

Next, a second embodiment of the invention will be 
described with reference to Fig. 5. Fig. 5 is a view show- 
ing a construction of an optical pickup according to a 
second embodiment of the invention, and Fig. 6 is a 
view showing optical path lengths in the arrangement of 
optical units of Fig 5. In Figs. 5 and 6, the reference 
numerals 4 and 8 denote optical units, respectively. The 
reference numeral 10 denotes a beam splitter, 15 a 
wavelength filter, and 16 an objective lens. These con- 
stituent elements and an arrangement thereof are simi- 
lar to those of the first embodiment, and therefore these 
constituent elements are designated by identical refer- 
ence numerals with detailed explanation omitted. 

The second embodiment differs from the first 
embodiment in that a collimator lens 14 is provided. The 
collimator lens 14 is provided on a light outgoing side of 
the beam splitter 10 to be disposed between the wave- 
length filter 15 and the objective lens 16. In Fig. 6, the 
collimator lens 14 and the optical unit 4 are so arranged 
that a light source 2 is positioned at a focal distance of 
the collimator lens 14 in terms of an optical path length 
of the air medium, and that a light source 6 is disposed 
closer to the collimator lens 14 in terms of an air length 
than the light source 2 is. Namely, the following relation 



in the first embodiment is maintained in the second 
embodiment provided that the objective lens 16 is 
replaced by the collimator lens 14: 

5 0.55 =i L2/L1 § 0.75 

As a result, light emitted from the light source 2 is 
made parallel rays of light after it passes through the 
collimator lens 14, and light emitted from the light 
io source 6 is reduced in divergent angle after it passes 
through the collimator lens 14. 

The reproducing operation of the optical pickup of 
the second embodiment having the above construction 
will be described hereinbelow. First, a reproducing oper- 
15 ation for a DVD will be described. Light emitted from the 
light source 2 passes through a light outgoing portion 4d 
of the optical unit 4 and a diffraction grating 5a to be 
incident on the beam splitter 10. At least 90% of the light 
incident on the beam splitter 10 is reflected by this beam 
20 splitter with its optical axis turned about 90 degrees, and 
goes out of the beam splitter 10 to be incident on the 
wavelength filer 15 provided adjacent to the beam split- 
ter 10. The wavelength filter 15 is of such a construction 
that it transmits therethrough not less than 95% of the 
25 light (for DVD) from the light source 2. The divergent 
light having transmitted through the wavelength filter 15 
is converted by the collimator lens 14 into parallel rays 
of light to be incident on the objective lens 16. Then, an 
image is formed on a recording data layer of the DVD 1 7 
30 by the condensing effect of the objective lens 16. 

Thereafter, the light reflected by the DVD 17 again 
passes through the objective lens 1 6, the collimator lens 
14 and the wavelength filter 15 to be reflected by the 
beam splitter 10 with its optical axis turned toward the 
35 optical unit 4 to be incident on the diffraction grating 5a. 
The light incident on the diffraction grating 5a is dif- 
fracted by three areas 5b, 5c and 5d, respectively, to be 
incident on light-receiving portions formed on a light- 
receiving element 3. Detecting operations and signal 
40 reproducing operations of the light-receiving portion, 
which are to be effected subsequently, are similar to 
those described above in the first embodiment. 

Next, the reproducing operation for a CD will be 
described. The light emitted from the light source 6 
45 passes through a light outgoing portion 8d of the optical 
unit 8 and a diffraction grating 9a. At this time, the light 
formed into three beams by the diffraction grating 9a is 
incident on the beam splitter 10. At least 9Q% of the light 
incident on the beam splitter 10 transmits through the 
so beam splitter 10 to go out of the beam splitter 10 to be 
incident on the wavelength filter 15 provided adjacent to 
the beam splitter 10. Substantially not less than 95% of 
the light (used for the CD) from the light source 6 is 
reflected by a ring-shaped band formed at an outer 
55 peripheral portion of the wavelength filter 1 5. and trans- 
mits through the other portion of the wavelength filter 15 
than the ring-shaped band. In this manner, the wave- 
length filter 15 serves as a diaphragm for correcting the 
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light beam for the-CD to control a diameter of the light 
incident on the objective lens 1 6. The light having trans- 
mitted through the wavelength fitter 15 is reduced in 
divergent angle by the collimator lens 14 to be incident 
on the objective lens 16. Then, an image is formed on 5 
the CD 1 8 by the condensing effect of the objective lens 
16. 

Thereafter, the light reflected by the CD 18 again 
passes through the objective lens 16, the collimator lens 
14, the wavelength filter 15 and the beam splitter 10 to 10 
be incident on the diffraction grating 9a. Trie light inci- 
dent on the diffraction grating 9a is diffracted by two 
areas 9c and 9d to be incident on five areas E, F, G, H 
and I formed on a light-receiving element 7. Detecting 
operations and signal reproducing operations of the is 
light-receiving portion, which are to be effected subse- 
quently, are similar to those described above in the first 
embodiment. 

The invention is not limited to the above construc- 
tion of the second embodiment, and for example, the 20 
collimator lens 14 and the wavelength fitter 15 may be 
exchanged in their positions, and the wavelength fitter 
1 5 may be disposed in the optical path between the col- 
limator lens 14 and the objective tens 16 or the wave- 
length fitter 1 5 may be disposed between the optical unit 25 
8 and the beam splitter 1 0. Instead of the wavelength fil- 
ter 15, a diaphragm member (not shown) may be pro- 
vided between the optical unit 8 and the beam splitter 
10 to have an aperture diameter so that the objective 
lens 16 can operate in a numerical aperture (NA) range 30 
of 0.4 to 0.6 with respect to the light from the light 
source 6. The optical units 4 and 8 may be exchanged 
in their positions. The wavelength fitter 15 and the dia- 
phragm member may be omitted by suitably designing 
the diffraction grating 9a and the objective lens 16. In 35 
this case, the overall construction of the optical pickup is 
represented by the constituent elements shown in Fig. 
6. 

In this embodiment, the light source for reproduc- 
tion from the high-density optical disk employs light hav- 40 
ing a wavelength of around 650 nm, and the light source 
for reproduction from the low-density optical disk 
employs light having a wavelength of around 780 nm. 
However, the invention is not limited to such wave- 
lengths, and for example, the light source for the low-. 45 
density optical disk may use light having a wavelength 
of 650 nm, and the light source for the high -density opti- 
cal disk may use light having a wavelength of 400 nm. 

As described above, in the second embodiment, 
the aberration correction of the lens can be effected by so 
the collimator lens, so that the optical characteristics of 
the objective lens can be improved. Besides, the light 
(for the DVD) from the light source 2 is incident as par- 
allel light rays on the objective lens, so that it is possible 
to suppress an irrfbence. which movements of the ss 
objective lens in the focusing operation and the tracking 
operation have on the optical characteristics. 

Next, a third embodiment of the invention will be 



described with reference to Fig. 7. Fig. 7 is a view show- 
ing a construction of an optical pickup according to the 
third embodiment of the invention. In Fig. 7, the refer- 
ence numerals 4 and 8 denote optical units, respec- 
tively. The reference numeral 14 denotes a collimator 
lens. 15 a wavelength filter, and 16 an objective lens. 
Since these constituent elements and the arrangement 
thereof are similar to those of the first and second 
embodiments, these constituent elements are desig- 
nated by the same reference numerals, respectively, 
and detailed explanation thereof will be omitted. 

The third embodiment differs from the second 
embodiment in that there is provided a polarization 
beam splitter 11. The polarization beam splitter 11 
reflects a S polarization component, which is a main 
component of a laser beam from the light source 2, and 
transmits there-through a P polarization component, 
which is a main component of a laser beam from the 
light source 6. A center of the polarization beam splitter 
11 is disposed on a point of intersection of the laser 
beams emitted from the optical units 4 and 8, respec- 
tively. Requirements for the optical anangement of the 
polarization beam splitter 1 1 and the wavelength fitter 
15, as well as for the optical arrangement of the collima- 
tor lens 14 and the light sources 2 and 6 are similar to 
those in the second embodiment shown Fig. 6. 

The above polarization components are arranged 
such that the optical unit 4 is so oriented to have a divi- 
sion line (see line A in Fig. 3) of the optical regions dis- 
posed substantially perpendicular (that is, tangential) to 
the direction of the radius of the high-density optical 
disk In the case where a semiconductor laser mounted 
on the optical unit 4 is one, of which an oscillation mode 
is a TE mode (an oscillatory wave surface is perpendic- 
ular to a long axis of a FFP (Far Field Pattern) of the 
emitted light, for example, a wavelength of the light emit- 
ted from the device used in the third embodiment, is not 
less than 650 nm), the semiconductor laser is mounted 
such that the long axis of the FFP, which is a main com- 
ponent of the emitted light, is made parallel to a radial 
direction of the high-density optical disk through the 
polarization beam splitter 11, the wavelength filter 15 
and the collimator lens 14 A semiconductor laser in the 
optical unit 8 is mounted such that a long axis of a FFP 
of the emitted light is perpendicular to the radial direc- 
tion of the optical disk. In this case, the arrangement is 
such that three beams emitted from the optical unit 8 
are perpendicular to the radial direction of the optical 
disk 

The configurations of the optical units 4 and 8 and 
the constructions of the detection elements are similar 
to those described above in the first embodiment. In the 
optical pickup of the third embodiment having the above 
construction, both reproducing operations for a DVD 
and a CD are similar to those in the second embodi- 
ment. 

The invention is not limited to the above construc- 
tion of the third embodiment. Thus for example, the col- 
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limator lens 14 and the wavelength filter 15 may be 
exchanged in their positions, and the wavelength filter 
15 may be disposed in the optical path between the col- 
limator lens 14 and the objective lens 16. Instead of the 
wavelength filter 15, a diaphragm member (not shown) 
may be provided between the optical unit 8 and the 
polarization beam splitter 1 1 to have such an aperture 
diameter that the objective lens 16 can operate in a 
numerical aperture (NA) range of 0.4 to 0.6 with respect 
to the light from the light source 6. The optical units 4 
and 8 may be exchanged in their positions. These mod- 
ifications of the constituent elements are similar to those 
described in the first and second embodiments. 

In the third embodiment, the light source for repro- 
duction from the high-density optical disk employs light 
having a wavelength of around 650 nm, and the light 
source for reproduction from the low-density optical disk 
employs light having a wavelength of around 780 nm. 
However, the invention is not limited to such wave- 
length, and for example, the light source for emitting 
light having a wavelength of 650 nm can be used for the 
lowndensity optical disk, and the light source for emitting 
light having a wavelength of 400 nm can be used for the 
high-density optical disk. 

In the third embodiment, an feature achieved by the 
use of the collimator lens 14 is obtained as in the sec- 
ond embodiment, and also control of directions of polar- 
ization with respect to the light sources enables use of 
conventional polarization beam splitters. Besides the 
polarization beam splitter performs transmission and 
reflection in accordance with the P polarization compo- 
nent and the S polarization component of the light from 
the light sources, so that the efficiency of light utilization 
can be enhanced as compared with the case where a 
half mirror or the like is used. Therefore, the semicon- 
ductor lasers for the light sources consume less electric 
power, which enables use of the inexpensive semicon- 
ductor lasers and prolongs the lifetime of the semicon- 
ductor lasers. 

Furthermore, characteristics of polarization caused 
by the structure of the laser diode device can be utilized 
for the optical arrangement, so that a good reproducing 
characteristics can be obtained by improving crosstalk 
by having a direction of the long axis of a beam spot cor- 
responding to a circumferential direction (tangential 
direction) with respect to a DVD, which requires high 
precision and low crosstalk, and by improving an optical 
characteristics by having a direction of the long axis of a 
beam spot corresponding to the radial direction with 
respect to the CD, of which pits are larger than those of 
the DVD. 

If an oscillation mode of the semiconductor laser of 
the optical unit 4 is a TM mode (for example, wavelength 
of not more than 645 nm in the case of the device used 
in the third embodiment), the semiconductor laser is 
mounted on the optical unit 4 in such a manner that a 
direction of the long axis of the FFP of the emitted light 
is perpendicular to the radial direction of the high-den- 



sity optical disk. 

In the above description, the polarization beam 
splitter 1 1 effects the S polarization reflection and the P 
polarization transmittance. However, even if the polari- 
5 zation beam splitter 1 1 serves as the P polarization 
reflection and the S polarization transmittance, and the 
polarization components of the light sources, the polari- 
zation beam splitter, the wavelength filter and the colli- 
mator lens are reversed in arrangement corresponding 
io to the polarization components, it will be readily appre- 
ciated that the operation is effected in a similar manner. 

A fourth embodiment of the invention will be 
described with reference to Fig. 8. Fig. 8 is a view show- 
ing a construction of an optical pickup according to the 
is fourth embodiment Of the invention. In Fig. 8, the refer- 
ence numerals 4 and 8 denote optical units, respec- 
tively. The reference numeral 1 1 denotes a polarization 
beam splitter, 14 a collimator lens, 15 a wavelength fil- 
ter, and 16 an objective lens. Since these constituent 
20 elements and the arrangement thereof are similar to 
those of the first and second embodiments, these con- 
stituent elements are designated by the same reference 
numerals, respectively, and detailed explanation thereof 
will be omitted. 

25 The fourth embodiment differs from the third 
embodiment in that there are provided a 1/4 wavelength 
plate 12 and a total reflection mirror 13. The polarization 
beam splitter 1 1 transmits therethrough a P polarization 
component of a laser beam from the light source 2, and 
30 reflects a S polarization component of the laser beam. 
The polarization beam splitter 11 also transmits there- 
through a P polarization component of a laser beam 
from the light source 6. A center of the polarization 
beam splitter 1 1 is disposed on a point of intersection of 
35 the two laser beams emitted respectively from the opti- 
cal units 4 and 8. 

In Fig. 8, the 1/4 wavelength plate 12 and the total 
reflection mirror 13 are held in intimate contact with 
each other, but even if they are spaced from each other. 
40 their functions are not affected at all. 

Requirements for the optical arrangement of an 
optical path length comprising the light source 2, the 
beam splitter 11, the 1/4 wavelength plate 12, the total 
reflection mirror 13 (optical path length from the polari- 
45 zation beam splitter 1 1 to the total reflection mirror 13 
and back), the wavelength fitter 15 and the collimator 
lens 14, and an optical path length comprising the light 
source 6, the polarization beam splitter 11, the wave- 
length filter 15 and the collimator lens 14 are similar to 
so those in the second embodiment shown Fig. 6. 

Requirements for the orientation of the optical unit 4 
and the arrangement of semiconductor lasers are simi- 
lar to those in the third embodiment 

Configurations of the optical units 4 and 8 and con- 
55 structions of the detection elements are similar to those 
described above in the first embodiment. In the optical 
pickup of the fourth embodiment having the above con- 
struction, the reproducing operations for a DVD and for 
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a CD arg similar to those in the second embodiment. 

The operation of the fourth embodiment will now be 
described with reference to Fig. 8. First, the reproducing 
operation for a DVD will be described. Light having a P 
polarization component as a main component and emit- s 
ted from the light source 2 is incident on the polarization 
beam splitter 11. The polarization beam splitter 11 
transmits therethrough the P polarization component of 
the incident light, and then the light is incident on the 1/4 
wavelength plate 12 to be converted into circularly- 10 
polarized light while passing through this 1/4 wave- 
length plate 1 2. Then, immediately after going out of the 
1/4 wavelength plate 12, the light is totally reflected by 
the total reflection mirror 13 to be again incident on the 
1/4 wavelength plate 12. While passing through the 1/4 is 
wavelength plate 12 f the light is converted into S-polar- 
ized and linearly-polarized light. Then, the polarization 
beam splitter 1 1 reflects the S-polarized light to turn its 
optical axis about 90 degrees to permit the light to go 
out of the polarization beam splitter 1 1 . Thereafter, the so 
light passes through the wavelength filter 15, the colli- 
mator lens 14 and the objective lens 16 to form an 
image on a recording data layer of the DVD 17, as 
described above in the second embodiment. 

The light reflected by the DVD 17 again passes 25 
through the objective lens 16. the collimator lens 14 and 
the wavelength filter 15 to be reflected by the polariza- 
tion beam splitter 1 1 . and to reciprocate between the 
polarization beam splitter 1 1 and the total reflection mir- 
ror 13 through the 1/4 wavelength plate 12. As a result, 30 
the light is converted into P -polarized and linearly-polar- 
ized light to transmit through the polarization beam split- 
ter 11 to be incident on the optical unit 4. Detecting 
operations of a light-receiving portion of the optical unit 
4 and signal reproducing operations, which are to be 35 
effected subsequently, are similar to those described 
above in the first embodiment. 

Next, the reproducing operation for a CD will be 
described. The light having a P polarization component 
as a main component and emitted from the light source 40 
6 is incident on the polarization beam splitter 11. The 
polarization beam splitter 1 1 transmits therethrough the 
incident P polarization component, and then the light 
passes through the wavelength filter 15, the collimator 
lens 1 4 and the objective lens 1 6 to form an image on a 45 
recording layer of the CD 18, as described above in the 
second embodiment 

The light reflected by the CD 18 again passes 
through the objective lens 16, the collimator lens 14, the 
wavelength filter 15 and the polarization beam splitter so 
1 1 . Detecting operations of a light-receiving portion and 
signal reproducing operations, which are to be effected 
subsequently, are similar to those described above in 
the first embodiment 

In the fourth embodiment, while the polarization ss 
beam splitter 1 1 is used, a half mirror may be used 
instead of the polarization beam splitter 1 1 if light loss is 
permissible. 



The invention is not limited to the above construc- 
tion of the fourth embodiment, and for example, the col- 
limator lens 14 and the wavelength filter 15 may be 
exchanged in their positions, and may be disposed in 
the optical path between the collimator lens 14 and the 
objective lens 16. Instead of the wavelength filter 15, a 
diaphragm member (not shown) may be provided 
between the optical unit 8 and the polarization beam 
splitter 1 1 to have such an aperture diameter that the 
objective lens 16 can operate in a numerical aperture 
(NA) range of 0.4 to 0.6 with respect to the light from the 
light source 6. The optical units 4 and 8 may be 
exchanged in their positions. These modifications of the 
constituent elements are similar to those described in 
the first and second embodiments. 

In the embodiment the light source for reproduction 
from the high-density optical disk employs light having a 
wavelength of around 650 nm, and the light source for 
reproduction from the low-density optical disk employs 
light having a wavelength of around 780 nm. However, 
the invention is not limited to such wavelengths, and for 
example, light having with a wavelength of 650 nm can 
be used in the light source for the low-density optical 
disk, and light having a wavelength of 400 nm can be 
used in the light source for the high-density optical disk. 

In the above description, the polarization beam 
splitter 1 1 serves as the S polarization reflection and the 
P polarization transmission. However, it will be readily 
appreciated that even if the polarization beam splitter 1 1 
serves as the P polarization reflection and the S polari- 
zation transmission, and the polarization components of 
the lights from the light sources, as well as the arrange- 
ment of the polarization beam splitter, the wavelength 
filter, the collimator lens, the 1/4 wavelength plate and 
the total reflection mirror are reversed in arrangement 
corresponding to the polarization components, the 
operation is effected in a similar manner. 

The fourth embodiment has a feature attributable to 
the use of the collimator lens 1 4 like the second embod- 
iment, and also a feature of an improved efficiency of 
utilization of the fight attributable to the use of a conven- 
tional polarization beam splitter like the third embodi- 
ment. 

In the fourth embodiment, as is clear from the com- 
parison between Figs. 6 and 7, the optical path length 
obtained by spacing the optical unit 4 and the polariza- 
tion beam splitter 1 1 from each other can be replaced 
by the optical path length between the polarization 
beam splitter 11 to the total reflection mirror 13. As a 
result, the optical unit 4 and the polarization beam split- 
ter 11 can be disposed sufficiently close to each other, 
so that the optical pickup module using the fourth 
embodiment can be more reduced in outer size in its 
radial direction. 

Next, a fifth embodiment of the invention will be 
described with reference to Figs. 9 and 10. Fig. 9 is a 
plan view of an optical pickup according to the fifth 
embodiment of the invention during the operation of a 
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DVD, and Fig. 10 is a plan view of the optical pickup of 
the fifth embodiment during the operation of a CD. 

In Figs. 9 and 10, the reference numerals 2 and 6 
denote light sources, respectively, 4 and 8 optical units, 
respectively, 1 4 a collimator lens, 1 5 a wavelength filter, 5 
and 16 an objective lens. As these constituent elements 
are similar to those of the first to fourth embodiments, 
they are designated by the same reference numerals, 
respectively, and detailed explanation thereof will be 
omitted. 10 

The optical unit 4 and the optical unit 8 are dis- 
posed in opposed relation to each other with an optical 
axis of the collimator lens 14 central therebetween. A 
relationship between an optical path length from the 
light source 2 to the collimator lens 14 and an optical is 
path length from the light source 6 to the collimator lens 
14 is established in the same manner as described 
above in the second embodiment and in Fig. 6. 

A total reflection mirror 1 9 having a multi-layer coat- 
ing is turnably supported by a turning means (not 20 
shown). An axis, about which the turning means turns, 
passes through a point of intersection of the optical 
axes of the light source 2, the light source 6 and the col- 
limator lens 14, and a center of a reflecting surface of 
the total reflection mirror 19 can turn 45 degrees from 25 
the above intersection point toward the light source 2 
and toward the light source 6. The turning means com- 
prises a mechanism for turning through 90 degrees, 
which employs elements such as a rotary solenoid, a 
stepping motor, or a linkage. As the turning mechanism 30 
can be realized by mechanisms of conventional tech- 
niques, detailed description thereof is omitted here. 

An operation of the fifth embodiment will now be 
described with reference to Fig. 9. First, reproduction 
from a DVD will be described. In accordance with the 35 
operation of the DVD. the total reflection mirror 19 is 
beforehand turned 45 degrees toward the optical unit 4. 
Light emitted from the light source 2 is incident on the 
total reflection mirror 19. The total reflection mirror 19 
having the multi-layer coating totally reflects the light to 40 
turn the optical axis of the light 90 degrees to permit the 
light to be incident on the collimator lens 14. 

Then, the light passes through the collimator lens 
14, the wavelength filter 15 and the objective lens 16 to 
form an image on a recording date layer of the DVD 1 7, 45 
as described above in the second embodiment. 

The light reflected by the DVD 17 again passes 
through the objective lens 16, the wavelength fflter 15 
and the collimator lens 14 to be reflected by the total 
reflection mirror 19 to be incident on the optical unit 4. 50 
Detecting operations of a light-receiving portion of the 
optical unit 4 and signal reproducing operations, which 
are to be effected subsequently, are similar to those 
described above in the first embodiment. 

Next, the reproducing operation for a CD will be 55 
described with reference to Fig. 10. In accordance with 
the operation of the CD, the total reflection mirror 19 is 
beforehand turned at an angle of 45 degrees toward the 



605 A2 22 

optical unit 8. Light emitted from the light source 6 is 
incident on the total reflection mirror 19. The total reflec- 
tion mirror 19 having the multi-layer coating totally 
reflects the light to turn the optical axis of the light about 
90 degrees, and then the light is incident on the collima- 
tor lens 1 4. Then, the light passes through the collimator 
lens 14, the wavelength filter 15 and the objective lens 
1 6 to form an image on a recording date layer of the CD 
18, as described above in the second embodiment. 

The light reflected by the CD 18 again passes 
through the objective lens 16, the wavelength filter 15 
and the collimator lens 14 to be reflected by the total 
reflection mirror 19 to be incident on the optical unit 8. 
Detecting operations of a light-receiving portion of the 
optical unit 8 and signal reproducing operations, which 
are to be effected subsequently, are similar to those 
described above in the first embodiment. 

As described above, in the fifth embodiment of the 
invention, the optical system can be switched by turning 
the total reflection mirror 19 through 90 degrees, and 
besides use of the total reflection mirror 19 eliminates 
light loss due to the switching. Therefore, the efficiency 
of utilization of the light can be enhanced whereby sem- 
iconductor lasers constituting the respective light 
sources consume less electric power, inexpensive sem- 
iconductor lasers can be used, and the semiconductor 
lasers can be increased in lifetime. 

Since the optical unit 4 and the optical unit 8 are 
disposed in opposed relation to each other, the optical 
unit 8 can be mounted in an excess space for a spindle 
motor to improve space utilization, and an outer size of 
a carriage in a direction perpendicular to the radial 
direction of the optical disk can be reduced to realize a 
more compact optical disk drive unit. 

In the embodiment, the total reflection mirror 19 is 
turned 90 degrees by the turning means but the inven- 
tion is not limited to such requirement of action. For 
example, the angle of turning may be acute or obtuse, 
and the turning means is not limited to a circular motion 
but may perform a combination of a circular motion and 
a parallel motion. An example of such turning means 
will be described below with reference to Figs. 1 1 and 
12. 

Fig. 11 is a plan view of the fifth embodiment, show- 
ing an operation of a DVD by the use of other turning 
means, and Fig. 12 is a plan view of the fifth embodi- 
ment, showing an operation of a CD by the use of other 
turning means. In Figs. 1 1 and 12, the reference numer- 
als 2 and 6 denote light sources, respectively, 4 and 8 
optical units, respectively, 14 a collimator lens, 15 a 
wavelength filter, and 16 an objective lens. In Figs. 11 
and 12, particularly as compared with Figs. 9 and 10, 
the optical unit 4 is inclined at an acute angle relative to 
the optical axis of the collimator lens 1 4. and is disposed 
closer to the optical axis of the collimator lens 14. As 
compared with Figs. 9 and 10, a total reflection mirror 
19 corresponding to the optical unit 4 is turned an angle 
less than 45 degrees relative to the optical unit 4 to be 
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disposed farther from the collimator lens 14 (such posi- 
tion will be referred to as "DVD position")as in Fig. 1 1 . 

The optical unit 8 is disposed at the same position 
as that shown in Fig. 10. and the total reflection mirror 
1 9 corresponding to the optical unit 8 is turned an angle s 
of 45 degrees relative to the optical unit 8 to be dis- 
posed farther from the collimator lens 14 (such position 
will be referred to as "CD position") as in Fig. 10. 
Namely, the total reflection mirror 19 is turned an angle 
of less than 90 degrees between the DVD position and 10 
the CD position while reciprocating between positions 
near and distant from the collimator lens 14. Therefore, 
relationships between an optical path length from the 
light source 2 to the collimator lens 14 and an optical 
path length from the light source 6 to the collimator lens 15 
14 are established in the same manner as described 
above in the second embodiment shown in Fig. 6. Turn- 
ing means for turning the total reflection mirror 19 can 
be constituted by a conventional technique such as a 
link mechanism as described above, and therefore 20 
detailed description thereof is omitted here. 

These constituent elements are the same as those 
of the above-mentioned fifth embodiment and therefore 
are designated by the same reference numerals, 
respectively, and explanation thereof will be omitted. 25 

The operation of the other turning means of the 
above construction will now be described. First, the 
operation for the DVD will be described with reference to 
Fig. 1 1 . In accordance with the operation of the DVD. 
the total reflection mirror 19 is beforehand turned an 30 
acute angle and moved toward the optical unit 4 (the 
DVD position). Light emitted from the light source 2 is 
incident on the total reflection mirror 1 9. The total reflec- 
tion mirror 19 having a multi-layer coating totally reflects 
the light to turn the optical axis of the light about 90 35 
degrees, and then the light is incident on the collimator 
lens 14. Then, the light passes through the collimator 
lens 14, the wavelength filter 15 and the objective lens 
16 to form an image on a recording data layer of the 
DVD 17, as described above in the second embodi- 40 
ment 

The light reflected by the DVD 17 again passes 
through the objective lens 16, the wavelength filter 15 
and the collimator lens 14 to be reflected by the total 
reflection mirror 19 to be incident on the optical unit 4. 45 
Detecting operations of a light-receiving portion of the 
optical unit 4 and signal reproducing operations, which 
are to be effected subsequently, are similar to those 
described above in the first embodiment 

Next, the reproducing operation for a CD will be so 
described with reference to Fig. 12. In accordance with 
the operation of the CD 18. the total reflection mirror 19 
is beforehand turned an angle of 45 degrees and moved 
toward the optical unit 8 (the CD position). Light emitted 
from the light source 6 is incident on the total reflection 55 
mirror 19. The total reflection mirror 19 having the multi- 
layer coating totally reflects the light to turn the optical 
axis of the light about 90 degrees, and then the light is 



incident on the collimator lens 1 4. Then, the light passes 
through the collimator lens 14, the wavelength filter 15 
and the objective lens 16 to form an image on a record- 
ing data layer of the CD 18, as described in the second 
embodiment 

The light reflected by the CD 18 again passes 
through the objective lens 16, the wavelength filter 15 
and the collimator lens 14 to be reflected by the total 
reflection mirror 19 to be incident on the optical unit 8. 
Detecting operations of a light-receiving portion of the 
optical unit 8 and signal reproducing operations, which 
are to be effected subsequently, are similar to those 
described above in the first embodiment. 

As described above, the other turning means in this 
embodiment uses the total reflection mirror 1 9 to elimi- 
nate light loss due to the switching, as in the above fifth 
embodiment. Therefore, it is possible to enhance the 
efficiency of utilization of the light and use semiconduc- 
tor lasers, which consume less electric power and are 
inexpensive. Also, the lifetime of the semiconductor 
lasers can be increased. 

Since the optical unit 8 is disposed perpendicular to 
the optical axis of the collimator lens 14, it can be 
mounted in an excess space for a spindle motor to 
improve the utilization of space. Since the optical unit 4 
is inclined and disposed close to the collimator lens 14, 
the outer size of a carriage in a direction perpendicular 
to the radial direction of the optical disk can be reduced 
as described above, and the outer size in the radial 
direction can be reduced as in the fourth embodiment, 
so that a more compact optical disk drive unit can be 
realized. 

Trie wavelength filter 15 and the collimator lens can 
be changed in their positions as described above in the 
first and second embodiments, and therefore explana- 
tion thereof is omitted. 

As described above, in the present invention, the 
optical pickup comprises two optical units and one opti- 
cal system, and the two optical units use the one optical 
system in common. Accordingly, the optical disks of dif- 
ferent recording densities can be recorded and repro- 
duced, and there can be provided a small-sized, thin, 
low power-consumption optical pickup. 

Claims 

1 . An optical disk for reproducing information from an 
optical disk recording medium, comprising: 

a first optical unit including a first light source 
for emitting light of a first wavelength, and a first 
photodetector for detecting light reflected from 
the optical disk; 

a second optical unit including a second light 
source for emitting light having a second wave- 
length, and a second photodetector for detect- 
ing light reflected from the optical disk; 
light splitting means for guiding the light having 
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the first wavelength and the light having the 
second wavelength to generally identical opti- 
cal axes; and 
an objective lens. 

5 

2. An optical pickup according to claim 1 , wherein said 
light splitting means is a beam splitter which reflects 
the light having the first wavelength and transmits 
therethrough the light having the second wave- 
length. 7^ 

3. An optical pickup according to claim 1 , wherein a 
distance from said first light source to said objective 
lens and a distance from said second light source to 
said objective lens are different such that a spheri- is 
cal aberration produced when the light having the 
first wavelength transmits through said objective 
lens to be condensed and a spherical aberration 
produced when the light having the second wave- 
length transmits through said objective lens to be so 
condensed are not more than predetermined val- 
ues, respectively. 

4. An optical pickup according to claim 1 , wherein the 
first wavelength is 600 to 680 nm, and the second 25 
wavelength is not more than 800 nm. and the fol- 
lowing relation is established: 

L1 > L2 

30 

where L1 represents a distance from said 
first light source to said objective lens, and L2 rep- 
resents a distance from said second light source to 
said objective lens. 

35 

5. An optical disk for reproducing information from an 
optical disk recording medium, comprising: 

a first optical unit including a first light source 
for emitting light having a first wavelength, a 40 
first photodetector for detecting light reflected 
from the optical disk, and first light guide 
means for guiding light reflected from the opti- 
cal disk to said first photodetector; 
a second optical unit including a second light 45 
source for emitting light having a second wave- 
length, a second photodetector for detecting 
light reflected from the optical disk, and second 
light guide means for guiding light reflected 
from the optical disk to said second photode- so 
tector; 

light splitting means for guiding the light having 
the first wavelength and the light having the 
second wavelength to the same optical axis; 
and 55 
an objective lens; 

wherein an optical axis of said first light 
source perpendicularly intersects an optical 



axis connected between optical axes of said 
second light source and said objective lens, 
and said light splitting means is disposed at a 
position including a point of intersection of the 
optical axes of said first and second light 
sources. 

6. An optical pickup according to claim 5, wherein said 
light splitting means is a beam splitter which reflects 
the light having the first wavelength and transmits 
therethrough the light having the second wave- 
length. 

7. An optical pickup according to claim 5, wherein the 
first wavelength is 600 to 680 nm, and the second 
wavelength is not more than 800 nm, and the fol- 
lowing relationship is established: 

L1 > 12 

where L1 represents a distance from said 
first light source to said objective lens, and L2 rep- 
resents a distance from said second light source to 
said objective lens. 

8. An optical pickup according to claim 5, wherein the 
first wavelength is 600 to 680 nm, and the second 
wavelength is not more than 800 nm, and the fol- 
lowing relationship is established: 

0.55 =i L2/L1 ^ 0.75 

where L1 represents a distance from said 
first light source to said objective lens, and L2 rep- 
resents a distance from said second light source to 
said objective lens. 

9. An optical pickup according to claim 5, further com- 
prising beam diameter change means having differ- 
ent transmitting beam diameters for the light having 
the first wavelength and a laser beam having the 
second wavelength, respectively, and wherein the 
transmitting beam diameters are set such that said 
objective lens operates in a numerical aperture 
(NA) range of 0.4 to 0.6 with respect to the light 
having the second wavelength, and said beam 
diameter change means is provided between said 
light splitting means and said objective lens. 

10. An optical pickup according to claim 5, further com- 
prising beam diameter change means having differ- 
ent transmitting beam diameters for the light having 
the first wavelength and a laser beam having the 
second wavelength, respectively, and wherein the 
transmitting beam diameters are set such that said 
objective lens operates in a numerical aperture 
(NA) range of 0.4 to 0.6 with respect to the light 
having the second wavelength, and said beam 
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diameter change means is provided between said 
second optical unit and said light splitting means. 

1 1. An optical disk for reproducing information from an 
optical disk recording medium, comprising: s 

a first optical unit including a first light source 
for emitting light having a first wavelength, a 
first photodetector for detecting light reflected 
from the optical disk, and first light guide 10 
means for guiding light reflected from the opti- 
cal disk to said first photodetector; 
a second optical unit including a second light 
source for emitting light having a second wave- 
length, a second photodetector for detecting 75 
light reflected from the optical disk, and second 
light guide means for guiding light reflected 
from the optical disk to said second photode- 
tector. 

light spitting means for guiding the light having 20 
the ft/st wavelength and the light having the 
second wavelength to the same optical axis; 
a collimator lens for converting the light having 
the first wavelength from divergent light beams 
into parallel tight beams and for reducing an 25 
angle of divergence of the light having the sec- 
ond wavelength: and 
an objective lens; and 

wherein said collimator lens is disposed 
between sad light splitting means and said 30 
objective lens, and an optical axis of said sec- 
ond light source is disposed on a line of exten- 
sion of a line connected between optical axes 
of said collimator lens and said objective lens, 
and wherem an optical axis of said first light 35 
source perpendicularly intersects an optical 
axis connected between the optical axes of 
said collimator lens and said objective lens, 
and said light splitting means is disposed at a 
position including a point of intersection of the 40 
optical axes of said first and second light 
sources. 

12. An optical pickup according to claim 11, wherein 
said light splitting means is a beam splitter which 45 
reflects the light having the first wavelength and 
transmits therethrough the light having the second 
wavelength. 

13. An optical pickup according to claim 11, wherein so 
the first wavelength is 600 to 680 nm, and the sec- 
ond wavelength is not more than 800 nm, and the 
following relationship is established: 

L1 > L2 55 

where L1 represents a distance from said 
first light source to said collimator lens, and 12 rep- 



resents a distance from said second light source to 
said collimator lens. 

14. An optical pickup according to claim 11, wherein 
the first wavelength is 600 to 680 nm, and the sec- 
ond wavelength is not more than 800 nm, and the 
following relationship is established: 

0.55 * L2/L1 ^ 0.75 

where Li represents a distance from said 
first light source to said collimator lens, and L2 rep- 
resents a distance from said second light source to 
said collimator lens. 

15. An optical disk for reproducing information from an 
optical disk recording medium, comprising: 

a first optical unit including a first light source 
for emitting light having a first wavelength, a 
first photodetector for detecting light reflected 
from the optical disk, and first light guide 
means for guiding light reflected from the opti- 
cal disk to said first photodetector; 
a second optical unit including a second light 
source for emitting light having a second wave- 
length, a second photodetector for detecting 
light reflected from the optical disk, and second 
light guide means for guiding light reflected 
from the optical disk to said second photode- 
tector; 

polarization beam splitter means for guiding 
the light having the first wavelength and the 
light having the second wavelength to the same 
optical axis; 

beam diameter change means having different 
transmitting beam diameters for the light hav- 
ing the first wavelength and the light having the 
second wavelength, respectively, 
a collimator lens for converting the light having 
the first wavelength from divergent light beams 
into parallel light beams and for reducing an 
angle of divergence of the light having the sec- 
ond wavelength; and 
an objective lens; and 

wherein said collimator lens is disposed 
between said polarization beam splitter means 
and said objective lens, and an optical axis of 
said second light source is disposed on a line 
of extension connected between optical axes of 
said collimator lens and said objective lens, 
and wherein an optical axis of said first light 
source perpendicularly intersects an optical 
axis connected between the optical axes of 
said collimator lens and said objective lens, 
and said polarization beam splitter means is 
disposed at a position including a point of inter- 
section of the optical axes of said first and sec- 
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16. An optical pickup according to claim 15, wherein 
said polarization beam splitter means is a polariza- 
tion beam splitter adapted to reflect a S polarization 
component and to transmit therethrough a P polari- 
zation component, and wherein said first light 
source emits the S-polarized light, and said second 
light source emits the P-polarized light. 

17. An optical pickup according to claim 15, wherein 
said polarization beam splitter means is a polariza- 
tion beam splitter adapted to reflect a P polarization 
component and to transmit therethrough a S polari- 
zation component, and wherein said first light 
source emits the P-polarized light, and said second 
light source emits the S-polarized light. 

18. An optical pickup according to claim 15, wherein 
the first wavelength is 600 to 680 nm, and the sec- 
ond wavelength is not more than 800 nm, and the 
following relationship is established: 

L1 > L2 

where L1 represents a distance from said 
first light source to said collimator lens, and 12 rep- 
resents a distance from said second light source to 
said collimator lens. 

19. An optical pickup according to claim 15, wherein 
the first wavelength is 600 to 680 nm, and the sec- 
ond wavelength is not more than 800 nm, and the 
following relationship is established: 

0.55 ^ L2/L1 m 0.75 

where L1 represents a distance from said 
first light source to said collimator lens, and L2 rep- 
resents a distance from said second light source to 
said collimator Jens. 

20. An optical pickup according to claim 15, wherein 
said beam diameter change means is an iris mem- 
ber set such that said objective lens operates in a 
numerical aperture (NA) range of 0.4 to 0.6 with 
respect to the light having the second wavelength, 
and said beam diameter change means is provided 
between said polarization beam splitter means and 
said objective lens. 

21. An optical pickup according to claim 15, wherein 
said beam diameter change means is an iris mem- 
ber set such that said objective lens operates in a 
numerical aperture (NA) range of 0.4 to 0.6 with 
respect to the light having the second wavelength, 
and said beam diameter change means is provided 
between second optical unit and said polarization 



22. An optical disk for reproducing information from an 
optical disk recording medium, comprising: 

5 

a first optical unit including a first light source 
for emitting light having a first wavelength, a 
first photodetector for detecting light reflected 
from the optical disk, and first light guide 

10 means for guiding light reflected from the opti- 

cal disk to said first photodetector; 
a second optical unit including a second light 
source for emitting light having a second wave- 
length, a second photodetector for detecting 

15 light reflected from the optical disk, and second 

light guide means for guiding light reflected 
from the optical disk to said second photode- 
tector; 

light splitting means including a polarization 
20 beam splitter for guiding the light having the 

first wavelength and the light having the second 
wavelength to the same optical axis, a 1/4 
wavelength plate, and a total reflection mirror; 
beam diameter change means having different 
25 transmitting beam diameters for the light hav- 

ing the first wavelength and the light having the 
second wavelength, respectively, 
a collimator lens for converting the light having 
the first wavelength from divergent light beams 
so into parallel light beams and for reducing an 

angle of divergence of the light having the sec- 
ond wavelength; and 

an objective lens; and wherein said collimator 
lens is disposed between said light splitting 

35 means and said objective lens, and an optical 

axis of said second light source is disposed on 
a line of extension connected between optical 
axes of said collimator lens and said objective 
lens, and wherein an optical axis of said first 

*o light source perpendicularly intersects an opti- 

cal axis connected between the optical axes of 
said collimator lens and said objective lens, 
and said light splitting means is disposed at a 
position including a point of intersection of the 

f5 optical axes of said first and second light 

sources. 

23. An optical pickup according to claim, 22, wherein 
said polarization beam splitter of said light splitting 

o means is adapted to reflect a S polarization compo- 
nent and to transmit a P polarization component, 
and said 1/4 wavelength plate is arranged in a posi- 
tion where the light having the first wavelength and 
transmitting through said polarization beam splitter 

s is incident, and wherein said total reflection mirror is 
arranged in a position where the light having the 
first wavelength and transmitting through said 1/4 
wavelength plate is incident, and each of said first 
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and second fight sources emits the P-polarized 
light. 

24. An optical pickup according to claim 22, wherein 
said polarization beam splitter of said light splitting 5 
means is adapted to reflect a P polarization compo- 
nent and to transmit a S polarization component, 
and said 1/4 wavelength plate is arranged in a posi- 
tion where the light having the first wavelength and 
transmitting through said polarization beam splitter 10 
is incident, and wherein said total reflection mirror is 
arranged in a position where the light having the 
first wavelength and transmitting through said 1/4 
wavelength plate is incident, and each of said first 
and second light sources emits the S-polarized is 
light. 

25. An optical pickup according to claim 22. wherein 
the first wavelength is 600 to 680 nm, and the sec- 
ond wavelength is not more than 800 nm, and the 20 
following relationship is established: 

L1 > L2 

where L1 represents a distance from said 25 
first light source to said collimator lens through said 
1/4 wavelength plate and said total reflection mirror, 
and 12 represents a distance from said second light 
source to said collimator lens. 

30 

26. An optical pickup according to claim 22, wherein 
the first wavelength is 600 to 680 nm. and the sec- 
ond wavelength is not more than 800 nm, and the 
following relationship is established: 

35 

0.55 * L2/L1 * 0.75 

where L1 represents a distance from said 
first light source to said collimator lens through said 
1/4 wavelength plate and said total reflection mirror, 40 
and 12 represents a distance from said second light 
source to said collimator lens. 

27. An optical pickup according to claim 22, wherein 
said beam diameter change means is an iris mem- 45 
ber set such that said objective lens operates in a 
numerical aperture (NA) range of 0.4 to 0.6 with 
respect to the light having the second wavelength, 
and said beam diameter change means is provided 
between said light splitting means and said objec- so 
tive lens. 

28. An optical pickup according to claim 22. wherein 
said beam diameter change means is an iris mem- 
ber set such that said objective lens operates in a ss 
numerical aperture (NA) range of 0.4 to 0.6 with 
respect to the light having the second wavelength, 
and said beam diameter change means is provided 



between second optical unit and said light splitter 
means. 

29. An optical disk for reproducing information from an 
optical disk recording medium, comprising: 

a first optical unit including a first light source 
for emitting light having a first wavelength, a 
first photodetector for detecting light reflected 
from the optical disk, and first light guide 
means for guiding light reflected from the opti- 
cal disk to said first photodetector; 
a second optical unit including a second light 
source for emitting light having a second wave- 
length, a second photodetector for detecting 
light reflected from the optical disk, and second 
light guide means for guiding light reflected 
from the optical disk to said second photode- 
tector; 

light splitting means for selectively guiding the 
light having the first wavelength and the light 
having the second wavelength to the same 
optical axis; 

beam diameter change means having different 
transmitting beam diameters for the light hav- 
ing the first wavelength and the light having the 
second wavelength, respectively, 
a collimator lens for converting the light having 
the first wavelength from divergent light beams 
into parallel light beams and for reducing an 
angle of divergence of the light having the sec- 
ond wavelength; and 
an objective lens; and 

wherein an optical axis of said second 
light source perpendicularly intersects a 
straight line connected between optical axes of 
said collimator lens and said objective lens, 
and said light splitting means is disposed at a 
position including a point of intersection of said 
straight line connected between the optical 
axes of said collimator lens and said objective 
lens and the optical axis of said second light 
source. 

30. An optical pickup according to claim 29, wherein an 
optical axis of said first light source perpendicularly 
intersects the straight line of the optical axis con- 
nected between the optical axes of said collimator 
lens and said objective lens, and said light splitting 
means is a turnatrfy supported total reflection mir- 
ror, of which an axis of turning is disposed at a point 
of intersection of said straight line of the optical axis 
connected between the optical axes of said collima- 
tor lens and said objective lens and the optical axes 
of said first and second light source, and wherein 
said total reflection mirror is turned 45 degrees 
toward said first light source and toward said sec- 
ond light source, respectively. 
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31. An optical pickup according to claim 29, wherein an 
optical axis of said first light source intersects at an 
acute angle the straight line of the optical axis, con- 
nected between the optical axes of said collimator 
lens and said objective lens, and said light splitting 5 
means is a turnably and movably supported total 
reflection mirror, which is turned an acute angle 
toward said first light source and 45 degrees and 
moved toward said second light source. 

w 

32. An optical pickup according to claim 30 or claim 31 , 
wherein the first wavelength is 600 to 680 nm, and 
the second wavelength is not more than 800 nm, 
and the following relationship is established: 

15 

LI > L2 



where LI represents a distance from said 
first light source to said collimator lens through said 
total reflection rrhrror, and L2 represents a distance 20 
from said second light source to said collimator lens 
through said total reflection mirror. 

33. An optical p»cki^ according to claim 30 or claim 31 , 
wherein the frst wavelength is 600 to 680 nm, and 25 
the second wavelength rs not more than 800 nm, 
and the following relationship is established: 



0 55 ~ L2/L1 ^ 0.75 

where Li represents a distance from said 
first light source to said collimator lens through said 
total reflection mirror, and L2 represents a distance 
from said second light source to said collimator lens 
through said total reflection mirror. 



34. An optical pickup according to claim 30 or claim 31. 
wherein said beam diameter change means is an 
iris member set such that said objective lens oper- 
ates in a numerical aperture (NA) range of 0.4 to 40 
0.6 with respect to the light having the second 
wavelength, and said beam diameter change 
means is disposed between said light splitting 
means and said objective lens. 

45 

35. An optical pickup according to claim 30 or claim 31 , 
wherein said beam diameter change means is an 
iris member set such that said objective lens oper- 
ates in a numerical aperture (NA) range of 0.4 to 
0.6 with respect to the light having the second so 
wavelength, and said beam diameter change 
means is disposed between second optical unit and 
said light splitting means. 



55 



EP 0 844 605 A2 



FIG. 1 




EP 0 844 605 A2 



FIG. 2 




EP 0 844 605 A2 



FIG. 3 




EP 0 844 605 A2 



FIG. 4 

H E F I 



r 

G 



D A B C 



3c 



3a 



3b 



EP 0 844 605 A2 



FIG. 5 




EP 0 844 605 A2 




EP 0 844 605 A2 



FIG. 7 




EP 0 844 605 A2 



FIG. 8 




EP 0 844 605 A2 



FIG. 9 




EP 0 844 605 A2 



FIG. 10 




EP 0 844 605 A2 



FIG. 11 




EP 0 844 605 A2 



FIG. 12 




EP 0 844 605 A2 



FIG. 13 




This 



Ffye Bin 



(uspto) 



(19) 



(12) 



Europaisches Patentamt 
* European Patent Office 
Office europeen des brevets (11) EP 0 844 605 A3 

EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) IntCI. 6 : G11B 7/125 




17.06.1998 Bulletin 1998/25 


(43) 


Date of publication A2: 






27.05.1998 Bulletin 1998/22 




(21) 


Application number: 97304867.1 




(22) 


Date of filing: 03.07.1997 




(84) 


Designated Contracting States: 


• Nakashima, Kazuyuki 




AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 


Fukuoka-shi (JP) 




NL PT SE 


• Kojima, Kouki 






Fukuoka-shi (JP) 


(30) 


Priority: 21.11.1996 JP 310348/96 


• Furukawa, Fuminobu 






Onojo-shi (JP) 


(71) 


Applicant: 






MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 


(74) Representative: 




Kadoma-shi, Osaka-fu, 571 (JP) 


Votier, Sidney David 






CARPMAELS & RANSFORD 


(72) 


Inventors: 


43, Bloomsbury Square 


• 


Haruguchi, Takashi 


London WC1 A 2RA (GB) 




Fukuoka-shi (JP) 



(54) Optical pickup 

(57) An optical pickup is capable of recording on 
and reproduction from recording media of different 
recording densities, and has a compact, thin and of low 
power-consumption design. The optical pickup, which is 
capable of recording on and reproduction from a high- 
density optical disk (17) and a low-density optical disk, 
includes an objective lens (16), a first optical unit (4) 
having a light-emitting element and a light-receiving ele- 
ment which are used for recording on and reproduction 
from the high-density optical disk, a second optical unit 
(8) having a light-emitting element and a light-receiving 
element which are used for recording on and reproduc- 
tion from the low-density optical disk, a beam splitter 
(10) for guiding optical axes of the first and second opti- 
cal units to the same optical axis, and a wavelength filter 
(15) for changing a diameter of light beams incident on 
the objective lens between at the time of recording and 
reproduction for the high-density optical disk and at the 
time of recorcfing and reproduction for the low-density 
optical disk. 



FIG. 1 



17. 




EP 0 844 605 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 30 4867 



Category 



X 
A 

P.X 
A 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
of relevant passages 



0E 43 30 794 A (TOSHIBA KAWASAKI KK) 17 
March 1994 

* abstract; figures 24-28 * 

* column 18, line 39 - column 21, line 31 

US 5 636 19G A (CHOI YANG-OH) 3 June 1997 

* abstract; figure 3 * 

* column 4, line 31 - column 5, line 27 * 
-& JP 07 311 973 A (DAEWOO ELECTRONICS 
CO., LTD) 28 November 1995 

US 5 513 164 A (TANAKA MASAHIKO ET AL) 30 
April 1996 

* abstract; figures 1,9,10,57-60 * 

* column 11, line 23 - column 13, line 29 

* column 13, line 54 - column 14, line 6 * 

* column 31, line 4 - column 34, line 42 * 

US 5 136 152 A (LEE WAI-HON) 4 August 1992 



* abstract; figures 8,9A-B * 

* column 6, line 19 - column 7, line 39 * 

-/-- 



Relevant 
to claim 



I. 2,5,6, 
10 

II, 15, 
22,29 



I, 2,5,6, 
10 

II, 15, 
22,29 



I, 5 

II, 15, 
16,22,29 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



G11B7/125 

G11B7/12 

G11B7/135 



The present search report has been drawn up for all claims 



Plaoe at March 

THE HAGUE 



Date of completion of the search 



1,5,11, 

15,16, 

22,29 



TECHNICAL FIELDS 
SEARCHED (lnt.CL6) 



G11B 



28 April 1998 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if Ween alone 

Y : particularly relevant if oombined with another 

document of the tarn* category 
A : technologioaJ background 
O : non-written disclosure 
P : intermediate dooument 



Examiner 



Pari set, N 



T : theory or prinople underlying the invention 
E : earlier patent document, but pubtished on. or 

after the filing date 
D : document cited in the application 
L : document oited for other reasons 

& : rnernber of the same patent family, corresponding 
document 



EP 0 844 605 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numter 

EP 97 3G 4867 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 



EP G 747 893 A (NIPPON ELECTRIC CO) 11 
December 1996 




PATENT ABSTRACTS OF JAPAN 

vol, 097, no. Oil, 28 November 1997 

-& JP 09 198703 A (ALPINE ELECTRON INC) , 

31 July 1997, 

* abstract; figures 1-4 * 

PATENT ABSTRACTS OF JAPAN 

vol- 096, no. 811, 29 November 1996 

-& JP 08 180455 A (SONY CORP), 12 July 

1996, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 097, no. 002, 28 February 1997 
-& JP 08 255372 A (VICTOR CO OF JAPAN 
LTD), 1 October 1996, 

* abstract * 

US 5 281 797 A (TATSUNO KIMIO ET AL) 25 
January 1994 



* abstract; figures 1,3A-B,4 * 

* column 6, line 39 - column 7, line 11 * 



The present search report has been drawn up for all claims 



1,2.5,6, 
9,11,12, 
15.29 

22 



1,3-5,7, 
10 



29-31 



29-31 



15. 

20-22, 
27-29, 
34,35 



TECHNICAL FIELDS 
SEARCHED (lnLCL6) 



THE HAGUE 



D*a of completion of the »earoh 

28 April 1998 



Pari set, N 



CATEGORY OF CITED OOCUMENTS 

X : particularly relevant if token sJorte 

Y : particularly relevant if combined with another 

document of the tame category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying, the mention 
E : earlier patent document, but pubGahsd on, or 

after the rUrtg data 
O : document oited in the application 
L : document cited for other reasons 

& : merrtoer of the same patent famdy, corresponding 

document 



^ge Bkm (uspto) 



